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Improved grid-connection operation of microgrid converter
based on droop control
LIANG Jiangang,JIN Xinmin, WU Xuezhi,TONG Yibin
(National Active Distribution Network Technology Research Center,Beijing Jiaotong University, Beijing 100044, China)
Abstract: When the grid-connection operation of microgrid converter is based on traditional droop control,
its output current will be distorted by the harmonic components of grid voltage. The output current
harmonics of microgrid converter based on traditional method are analyzed and it is proposed to simply
improve its voltage control loop to effectively suppress the output current harmonics. The voltage regulators
are regrouped to augment the output harmonic impedance of microgrid converter without affecting the
fundamental impedance. The relationships between resonant coefficient and suppression effect and between
cut-off frequency and suppression bandwidth are analyzed. Simulative and experimental results show that,the
output harmonic current of microgrid converter is lowered to 15%,verifying the feasibility and correctness of

the proposed improvement.
Key words: microgrid; electric converters; droop control; voltage regulator; current regulator; voltage

control; harmonic analysis
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of dual three-level inverter

[i) 2R Sk ik A 1) JEVARL D) D 22 L R R i A R R 2
SRR A R AR R 1 R AR B 2 B R A
BXORE Y 2 45 140 ) B TAEIR S I AT 8K GRS Ny
SHOPRARES 2 e TR

25 [ HL R 2% S A D B Gn 181 3 R B p Lo
n A3 )R N = S 3 AR BR AR A 1.0 —1 far R LR
Ui(|Uy | L) WG ESFHRIER G, ZKE LSS
il R K /NATED D7 AR R 2 AN SRR R R & Uy
(U472 | £2a)F1 Uy (|U/2 | £ (180°+ ) ), Hef
U,=U,-Up, Uy AL 1K EABHA
W, U RIS 2 TR D E' N &GN, BS
ZRaw Uy NN =S ZHERN Ul(x=a,b,c), N
AR T 2 DR Uy U W = AHAR R 23 51
U/2fM-U,/2,

25 (] % Ml A AR S FE TS R G U4k
30 AR AR 2 JRAS S 9 SVPWM Bk H gl
o = RIF RGBT, HARE R,
AbF AR B ATIRAS T AL R T B R ROk i — 2 |
HEESL M R G R dias 17, iR EYE i 4% 1
(R AT oo = W (=119 S N I 1 N S S S
25 E(H B R X T B AR ke R R R A AR B
WA, B A 28 0] LR % o Al 04 Jr %, O fill
RSB AR SCHRE T — AT 4B ) = HL S SVPWM

WAL 2

VTMJ@ V'rsuE %S VT&IJE % S

ap
1 =
Uh‘l T 0 | h[

ij}ﬁ

N N

C

VW@ va@g

G
N N N N N N B
V'nj K}% VmJ K}% V'sz Kj\é& 1, M VTAj @ VTszJ K}% V'sz Kﬂg
T YV a,
i—’> A~V — — b, T Uso
] Ci —= C2
ﬁg Vix 3| Kﬁg Vi 3| K‘}% ij V'I“S?J Kﬁg Vi) K%&
N N N N L

VTMJ@

B | MW NPC =R -FiEaR s
Fig.1 Topology of dual-NPC three-level inverter



%48 =

45 T4 BLAG L e P 0 B

SR 7 i (57)

bNa5 44 43 4 4

60

58

55 56 57

(a) HLALYGZS M) K &

(opn)
0)

(c) WAELE 2
3 ZHBEEXERBRE
Fig.3 Principle of space voltage vector decoupling
S BRI LA A RR S A = AR A S D)
21,

2 Z=H¥F SVPWM BHEE

SVPWM 557 e 247 B A5 B — A OC Ji 10 N 4%
J% 1 (V14 5 220 (4% IR QA T i 5 G 20 | OF
F IO AR A5 45 D) R 8 04 ke Bk b A5 5, SR AR 48
FARRZ M PR IS AN A = A

AEAMHE U, U, U, B M U, FIOFSCR T,
o F 7R BN IF OC T 9T P 25 I O A8 1 T 5 0% W
ZI ) LEAE B RE 5 AR 4 —AH 45 8 A | BT
SAL Y AH N A S DG I 2
W 4 FiR %ty (x=a,b,c) BEEH « FHE
51 TF R (V) T8 5 O W I 20 09 LL 3 MH | 1,0
(x=a,b,c) MEEH x HPFEFE 2 NIFRE (Vi) IF
i 5 ORI 20 FURE R A 1A 3 4 TG
B (Vi V) 209005 55 1.2 A IF 48 B AN Tl ¢
W, PRI O AN 75 8 Bt 4 ol O i, RO 28 1 2 A4
TF A 1Y 25 5E fi 2 Jok i BB IS o0 il 5 1 265 3 4 A
FEOCE R

iy
Uir™—= o a ;h
—>
| Vi 3
f— /N
Vi 1

B4 FREBHEZESTEE

Fig.4 Schematic diagram of switch on-off control

AR A 5 VIt 20 ¢, A g, B3 200

T./4 U.<0
a=1n (1 _ Xa | Yu (2)
Tls a0, *au, | U=0
0 U>0
to= L_ XxZ sz (3>
Ty =i tads | U=0
1
Ux_ A U«: Umax ) x| = U max
Xo=| =2 7 | (4)
U. HoAty
1
U\f N Urz_Umax’ Ux :Umax
b ! (5)
U, HoAh
Ua+Uc+Zl Ub mld
Yxl:szz Ub+Uc+Z2 U nnd (6)
Ua+Ub+Z3 U mld
L= £=0.2=- 3 U>-U,.U,=-U,
ZI:vaZZLyz.?:O _Ur:>Ua5_Ur:>Uh
2 2
ZIZO;ZZZ_L,Z3:—17 l]1,>—l]u,[jb2—l]a
2 2
| | (7)
21:7922:0923:7 _Ua>Ub9_Ua>Uo
2 2
z=-L z=-1 7-0 vU>-v,.U.=-0,
2 2
72020 T ae —U> U =020,




@ ® 0 8 & iR B

F34%

Hd oy, U, f1 U, 550 =AY E A E UL UL A
U5 3R U, U, F U, G5 278 oL R 03 fff 1 V8100 il
J& A5 B B 1 = AR ULy 8 UL UL R U B ]
7, IR, U, M ERMEB R, U, N U,.U,
MU, R KRAE U U, U, FI U, XS E S
) fe KAH

W5 1 1A 2 00 A KB S 0 = A AR H R 43 BT
A (7)), BT PR AR 45 T G 45 3 T IS 20 1 L
BAE K ZES = MR LRI AT 5 3 2 Al AR A
2T O 0 fah A Bk b A5 5 ISR DL 3 AE T 3k
TR XA R s A A 4 A AT A ]

3 HRRBAFERETEREME

XFF NPC = HL 40 40 [ 18 Hp e A SF i ()
R SCHR [ 19 TAR 8 — > 5 O S 31 9 v a5 Fi i < L i
WA B2 56 IE  fUNE 88 % A E B
], o A A R G SR 0 P B v o B B s o SRR
AP vk ) 2 B 2k R U A R e sl AT R
A S DR T s DR A 24 S AR A T i )
1 sk -1, X AL BN SVPWM fir th &R 46 R oS
Braul 1 B i e U B I D R R AR 25 AR
P2 7 1k R AT SCE | AR A e R 25 [R) K d 7 PO Ok
168 1 - i 4 o) D7 LA AR A5 di 4 10 T D 1 i

Bl 5(a) 4y T AR 2% i H WG E (R B0 A 42
T AE B9 FF O Rl A5 L S B i s 2 — ol v R B
W, B S (b) A B E — A TF 2 JE 3 e ) R i B |
U, U, U B 3D E R, ATUVE M, 25 K i
T 5003200 0 B AEL R S 30 =2 ] g DX T AR (L R B
BB ) /IN | o [ A 30 00 e A B AR R G L, T
P A TR S0 7 A Sy — o R 8 e 45 9% DX 31T R
N R ) R

o
g B S e

N, FEEE

(1+HuU,/4

(a) WEEHLT

(b) ORI
5 FRiR BT b 2k
Fig.5 Curve of flux locus
A>T 5G] 309 v i o (B R A 0 2R AR (R E B
0 22 1] (14 i 22 0] LA a6 2 A 8 22 Ta] i) IXC 8T
AT R RAT R % i 22 2 B A5 TR 1 £ 72 4k
ARk, —A~ S0 SR 1A N SR 25 1T 2Ry f 1) R0

EQ=Fle Fai=aS [le a8
Hd n(n=1,2, ,g)ﬂil% n NHKEM  g=
1/ 2wT.) =11/ (2A0) ;e “~ WL 2 [8] 1 f 22 .

e=P"-P (9)
P*:J (uy+puy+pu.)de =
_ \ 3 mUdc
2w

sin(wt)

\Y 3 mUdc
2w

cos(wt) +]

P:J (u,+puy,+pu,)de= (10)

_2
3 k=1,

2
‘]3 k:1,32,5_m
we=m(Uyp/ V3 )sin(wt)

u,= > ugsin(kot)
k=135,

M8

[ty (kw) Jcos(kwt) +

v

3,5,

8

[ty (kw) Jsin(kwt)

(11)

_2Udc X _ -1, X
g = Z,( 1)"'cos(k6,) (12)

Horr PR P 4y i) 2R BAR B 4 38 AR 2% 52 bR
ARG s p=exp(G271/3) su; Fl u,(x=a,b,c) s
) 715 PHLAR 25 5 AH VRS A0 L 8 S R 0 A PR M
w=2Tf i WEEER0.(i=1,2,- ,N) R 1/4 1
FE Uk S 1A P9 I O B 220 %5 7 1 A

H 5 ke A 9 s gz R T O O S Y T, R A
B A IF S S AT BLA N
0;0—0i=(1+)wt, /4
02— 0 i=wty /2
03— 0in=wt3/ 2
01— 0i3=(1=flowt, /2 (13)
05— Oa=wts /2
06— Os=wty /2
07— 0:6= (14wt /4

Horr 0, F16,,5 23 9 R 32 T ¢ Ji] 91 kS i AT RO
AR
e s7 20 (8)—(13) I 1%,
E(N=37[(p"-p)’+ 2 pi] (14)
pPi=Ug/®
p'=V3 mU,/ (3w) (15)
pi=uy/ (ko)

A T X R I P R AE— A £ AR E () B
(BTN T 6 2 m=0.7 B — AL 3 R () B
B /MBI By £ AR 2k

0.1
- WWWWWWW
0.1 L L L |
0 n/2 b 3n/2 27
6/ rad
B 6 FEEFLE

Fig.6 Curve of balancing factor

HiE 6 AT LA L f i (A O BRI B2




R S 45 T IF G2 oL R e Y05 R O o @

gy, D, TR AR AIE AL A B B0 S AT RE M
W/ f A ARAS A I B PR e f (E A BE AN 1
PR,

%1/ EMRER
Tab.1 Value selection of f
KA ik f A5
=02 02
0.1<f<0.2 0.1
—01<f<01 FORAS)
-0.2<f<-0.1 -0.1
f<-02 ~02

4 FEKRSEE

Shy B8 TF AR SC T 4 A R AL T T D B I A AR
AT TG ML SAIE S S ECh . B
400 V; B2 €= C,=Cy=C,=2 200 pF; JF
LR A BN B E DR 5 kW B E R
n=1420 v/min; WXL n,=2;E THH R.=1.91 Q; %
THPH R =145 Q;% F AR L ,=0.249 39 H; % T
IR =0249 39 H; & T FZHMERL, =
0.235 07 H; H B i L ShWLR B L 2k, Tk 00 T =
7.5 N-m; i th LRSI R 50 Hz; RSN 5 kHz;
K H FPGA A1 TI 2 ®] % TMS320F28335 DSP b #%
SO0 AE) B T FL B SR S A LR FE R R o
K, D7 EALRURN S0 S 80— 5,

(&7 Sk R f S 39 728 25 A1 R R B Y B JER 17 2K
B A R FRL B A H R U H R R A A B R =
100 Q, 2R L=7 mH, W ZE m=0.866, H
BT UL AHEL R R 17 BB RS B, 5 A i R
HL -3 AR B AH ) PRI ot 55 o g AR F 4 M AH LE ) L
A g A E N R A B £ AT R A T
B i EL TR

600

1 1 1 1 2
0 0.02 0.04  0.06 0.08 0.10
t/s

(a) MIELHIE

.: 150 V/div
i.:4 A/div

u

¢:10 ms/div

(b) SEHPIE
B 7 5 BE Rk 5 3 et Y 4H BR JE 4B BB AT IR

Fig.7 Phase voltage and current waveforms

of series RL load

8 (a) M 8 (b) s il o e sl AL FH U IE | hy
ISR RGN AT, T =1 s B 2P rh— >3
ARG P YIR , 7E 1=0.8 s W 2 22 47 AL 7
o , IR BB E T n=1420 r/ min, BLEF FE ML AL RE
MORE TR, TE =1 s 2] i TR H A
T RE R T 0 B T 2 S e A O TR 2 E 1) —F
HY 7 S AN g B B Bk AR | BT DS B A R T 45
BT LA AL TR HRES AL BEFL 1k o FL e
il e SRR AR LR B 25 72 . DA IR] 8 () FIIEL 8 (d) 7T LA

1600

=
£ 800
=
AN
= 0 L L i
1 2 3
t/s
(a) HLHLEE S IE
_ 30 T
g T,
zZ 0r V
N
=
-30 h I )
0 1 2 3
t/s
(b) ¥EHPIE
400

u,/V
o

0.9 1.0 1.1 1.2 1.3 14 15
t/s

(c) HBLATH ERIE

0.9 1.0 1.1 1.2 1.3 14
t/s

(d) HHLE T e AN B Y

"0 1 2 3

t/s
(e) TAE IS i B0 IR0 9 PO 25 Hl e 2 18 14 8 T
0.6
. AN
= 0.6
< ~_~7 098 1.01
s 0 4
<
3 . . 3
0 1 2 3
t/s

() WD) I 320 72 5 3 00 9 o 5 WL 22 LA B
Bl FREABNAFERFTIRPHHERRE

Fig.8 Simulative waveforms of open-end winding
motor during fault-tolerant control



[70) & D8 B Wi S

F34 %

KB, WA g U BRI 2 AL E S R R B 1) Bk
AR H AT, DLW Sl A% By Oy 1) R AR B TE 1=
2 s W22 A0, O B P 55 T 97 BB G 0 P LG i 5k
FRE A R —F B =710 r/ min,

Kl 8 (e) WP AE S UM BT M AR
ZWPIE TR AL Bh A Rz 2%
(RIS AL B ) R T ARSI R R A R
R TE £2 V NS il P S A AR
&L 8 (f) W AR A 338 728 85 T 3 000 V0 Pl 250 L e 22 22 Y
W AE 1=1 s W 2R 5078 R VTR I | 1239078 2% 1
PRI RSN S WSS AN 1 R B W N VA
W g,

9 (a) FIEL 9 (b) 73 5l Sy 39 78 25 VT B3k 17 = H AL
o 58 3B A7 I (A H R 5 A I R | S B AR
—H, K 9(c) A — G2 g A s AP 0
A ) FFUAS T 42 o) b RGO O P L 7 L TR OB | P
P AL A A o B TR T i AR AR PR R A2 4 T
J& R AL AR PP

5 SCRENIT T
N T
; }: [, ™.
S < e . ),
3 Ly
=
i
t:4 ms/div

(a) 30728 5 DTSR AT AH WL A H 3L 95T

Lu,

S __ oo

u,:70 V/div
1.:4 A/div

P !
t:4 ms/div

(b)) 3 AZ 85V BR e A A TR MR A O 0 08

Uc

U

uc:50 V/div

:2 s/div
(c) AR L O P PR 2 FL R
9 KRR
Fig.9 Experimental waveforms

5 &g

ST BE 2 45 A B 00— HL - 0 g 4t L 4R b
A R PERE 150 T ORI R nT SR
B BOM AR A SO IR AL B AW LA,
a. >R 23 (] TR R R M AR F bl 2 5
JER Ao 2 AL RR R Bl 2
AR o B T ARl Ik AR G A BRI A I 9 o 50k

T A B = HF W R GRS EOR A
e LY e AL

b. 575 ) L O B0 fifg 4 09 S Alt bR T 2
4 = A - g A SR 3 | Bl e R S ) AR 25
i 55 T 5 JA S5 8 4% 306 2 5 A L 4 D0 45 ke 2 A
W B DX W 5 A S A /b as A7 I R S AR ) 4
JIRE Y iZ AT (]

. HF fe D 2 18] Ok v B B e 0 S A 475 1)
T HEAT AL | 745 ) v i F 7 - 487 A [ e 3 A e 1
(14 % T

SE WK

(1] w28 B a5, — Pl 8 0 G R 2 i A8 i a (T,
71 H 845 ,2013,33(6) :52-57,69.
GAO  Zhigang,DONG  Lei, LIAO Xiaozhong,et al. Four-quad
multilevel converter [J]. Electric Power Automation Equipment,
2013,33(6):52-57,69.

(2] Ef ™55, FH PR AR 325 ot i X0 AR R SR W (1], i A
L% ,2012,32(2):39-43.
WANG Rutian, YAN Gangui. Improved control strategy of double
line-to-line  voltages for matrix converter[J]. Electric Power

Automation Equipment,2012,32(2):39-43.

[ N O P B I S = S TP A IR G /ST L DAL WA

FAEERIL)]. BT A S ,2012,32(11) :60-64.

XUE  Yinglin,XU Zheng,TU Qingrui,et al. Capacitor voltage

—
w
[

balancing control for alternate-arm multilevel converter[] ].
Electric Power Automation Equipment,2012,32(11):60-64.
LR, R ] S — N IR A 2 BT AR SRR LR
b B i PWM R O ()], B0 B Sk 4 ,2013,33
(2):62-67.

TAN Cheng,HE Yuanming,ZHAO Jing,et al. PWM control to

reduce surge current of DC-bus capacitor for hybrid-clamped

S

multilevel inverter[]J]. Electric Power Automation Equipment,2013,
33(2):62-67.

[5] TAKAHASHI I,0HMORI Y. High-performance direct torque
control of an induction motor[J]. IEEE Transactions on Industry
Applications, 1989,25(2) :257-264.

[6] KAWABATA T,EJIOGU E C,KAWABATA Y,et al. New open-
winding configurations for high-power inverters [C] //Proceedings
of the IEEE International Symposium on Industrial Electronics.
Guimaraes , Portugal : IEEE ;1997 . 457-462.

[7] TEKWANI P,KANCHAN R,GOPAKUMAR K. A dual five-level
inverter-fed induction motor drive with common-mode voltage
elimination and DC-link capacitor voltage balancing using only
the switching state redundancy-part 1[J]. IEEE Transactions on
Industrial Electronics,2007,54(5) :2600-2608.

[8] CASADEI D,GRANDI G,LEGA A,et al. Multilevel operation
and input power balancing for a dual two-level inverter with
insulated DC  sources [J]. IEEE Transactions on Industrial
Applications ,2008,44(6) : 1815-1824.

[9] BAJU M,MOHAPATRA K,KANCHAN R,et al. A dual two-
level inverter scheme with common mode voltage elimination for
an induction motor drive [J]. IEEE Transactions on Power
Electronics,2004,19(3) :794-805.

[10] KANCHAN R,TEKWANI P,BAIJU M, et al. Three-level inverter



%48 S % TR L8 e LG AL T A B R Oy v (71)

configuration with common mode voltage elimination for an
induction motor drive[J]. Electric Power Applications,2005,152
(2):261-270.

[11] MONDAL G,SIVAKUMAR K,RAMCHAND R,et al. A dual

[

seven-level inverter supply for an open-end winding induction
motor drive [J]. IEEE Transactions on Industrial Electronics,
2009,56(5) :1665-1673.

[12] ROTELLA M,PENAILILLO G,PEREDA J,et al. PWM method

[}

to eliminate power sources in a nonredundant 27-level inverter
for machine drive applications [J]. TEEE Transactions on
Industrial Electronics,2009,56(1):194-201.

[13] BAJU M,GOPAKUMAR K,MOHAPATRA K,et al. Five-level

[

inverter voltage-space phasor generation for an open-end
winding induction motor drive[J]. Electric Power Applications,
2003,150(5):531-538.

[14] SIVAKUMAR K,DAS A,RAMCHAND R,et al. A hybrid

[

multilevel inverter topology for an open-end winding induction-
motor drive using two-level inverters in series with a capacitor-
fed H-bridge cell[J]. IEEE Transactions on Industrial Electronics,
2010,57(11):3707-3714.

[15] MADHUKAR R A,UMESH B S,SIVAKUMAR K. A fault tolerant
dual inverter configuration for islanded mode photovoltaic
generation system [C] /2013 1st International Future Energy
Electronics Conference. Tainan,China:IEEE,2013:816-821.

[16] SRINIVAS S,SOMASEKHAR V T. Switching algorithms for the

dual-inverter fed open-end winding induction motor drive for

Electronics Journal ,2007,1(1):96-110.

[17] DEBAPRASAD K,BIMAL K B. Investigation of fault modes of
voltage-fed inverter system for induction motor drive[J] IEEE
Transactions on Industrial Applications, 1994,30(4):1028-1038.

[18] SEO J,CHOI C,HYUN D. A new simplified space-vector PWM
method for three-level inverters [J].
Power Electronics,2001,16(4):545-550.

[19] SONG Wengxiang, CHEN Guocheng,DING Xiaoyu,et al. Research

on neutral-point balancing control for three-level NPC inverter

IEEE Transactions on

based on correlation between carrier-based PWM and SVPWM
[C]//Power Electronics and Motion Control ~ Conference.
Shanghai, China: [s.n.],2006: 1-6.

[20] FUKUDA S,IWAJI Y,HASEGAWA H. PWM technique for
inverter with sinusoidal output current [J]. IEEE Transactions
on Power Electronics,1990,5(1):54-61.

EE AT .

% i (1983-), % L REEBA
THRE FEHET@AR AR T 5B
4 3 (E-mail ; diablowudy@163.com) ;

1B 2 (1966-), % # @ty e A 33,
WMERARAEFIF L T2HATHAE
MAEH SR B AwTF 58 HhEF,

HOR R (1990-), % |5k § A A+

X
Br sk Bt m AL T Ea Ak,
BOME(1973-), B E#ESA BHE L BTG @

3-level

ARNEXERCAED,

voltage space phasor generation[J]. Asian Power

Fault-tolerant control of dual three-level inverter
for open-end winding induction motor
WU Di,WU Xiaojie,SU Liangcheng,DAI Peng
(School of Information and Electrical Engineering,China University of Mining and Technology,
Xuzhou 221008, China)
Abstract: Because of the higher output voltage,more output levels and better fault tolerance of dual
SVPWM fault-tolerant

reference voltage vectors is proposed,which is simpler while meets the requirements of fault-tolerant

inverter topology,an algorithm of five-level control based on the decoupled
control. The corresponding switching times are directly calculated according to the decoupled three-phase
reference voltages, avoiding the complex sector judgement and table lookup. Based on the optimal space
vector location theory,the neutral point potential balance is precisely controlled and the current harmonic
is also reduced. Simulative and experimental results show that,the proposed algorithm can be effectively
applied in faulty conditions,resulting in the reduced time of program running and the better harmonic
performance of output current.

Key words: electric inverters; fault-tolerant control; simplified algorithm; neutral point potential balance



	电力自动化设备1404.pdf

